The technique of virus RNA-cellular DNA hybridization in solution with DNA excess was used to compare the nucleotide sequences of the 7o S RNA genome of the Kirsten mouse sarcoma virus (Ki-MSV) with that of mouse erythroblastosis virus (MEV) which gave rise to Ki-MSV after in vivo propagation in rat. It is suggested that a loss of about 3o % of the genomic sequences of MEV with a concomitant gain of roughly equal amounts of rat-specific sequences in a genetically stable recombinant state led to the formation of Ki-MSV.
INTRODUCTION
Mouse erythroblastosis virus isolated from C3Hf/Gs mice (Kirsten et ak 1967) induced proliferation of basophilic erythroblasts (erythroblastosis) in C3Hf]Gs and DBA/cJ mice.
After the in vivo passage through rats, the virus acquired transforming capacity and was able to induce sarcomas in rats and mice (Kirsten & Mayer, 1967) as well as loci of transformed cells in vitro (Somers & Kirsten, 1969) .
Based on hybridization studies between cellular RNA and virus DNA transcripts, a model for genesis of Kirsten as well as Harvey strain of mouse sarcoma viruses through a process of recombination or reassortment between mouse type C viruses and sequences in rat cells was proposed (Scolnick, Maryak & Parks, 1973; . These experiments were designed to measure the complementary cellular nucleic acid sequences at the level of gene transcription using [3H]-DNA transcripts of Kirsten or Harvey sarcoma virus and of rat type C viruses as hybridization probes. We report here additional experiments at the level of the cellular DNA, using as probes the complete 7o S RNA genomes of Kirsten sarcoma virus (Ki-MSV) and the original mouse erythroblastosis virus (MEV) that gave rise to Ki-MSV.
METHODS
Viruses. For understanding of the purpose and design of the present experiments a brief review of the passage history of Ki-MSV and propagation of this strain in our laboratory is warranted. In 1967 three original samples of mouse erythroblastosis virus (MEV) were sent by Dr W. J. Kirsten to Dr R. J. Huebner of the National Cancer Institute. The samples included (a) filtrate from spleen extract prepared from 23rd cell-free passage of MEV in C3H/Gs mice; (b) mouse plasma collected from the same mouse erythroblastosis passage as above; (c) rat plasma from Wistar Furth rat with erythroblastosis, I4th plasma passage. In the laboratory of Dr Rowe and Dr Hartley a focus-forming virus (Ki-MSV) was isolated
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P. ROY-BURMAN AND V. KLEMENT on NIH Swiss embryo cells from rat erythroblastotic plasma (sample (c) above), whereas samples (a) and (b) (plasma and spleen extract from erythroblastotic mice) yielded only nonfocus-forming MEV. The focus-forming isolate was further propagated in vivo and in vitro as follows. The tissue culture fluid from 2nd in vitro passage in NIH Swiss mouse embryo cells was inoculated in newborn DBA/2 mice and induced transplantable sarcomas. The tumours contained murine gs-I antigen and infectious Ki-MSV. Tissue homogenate from the 2nd transplant DBA/2 tumour passage was inoculated in newborn Syrian hamsters and Fisher rats. Hamster tumours were previously described (Klement et al. I969) . They did not contain murine gs-I or infectious Ki-MSV; however, they contained hamster tropic focusforming virus. Rat tumours which were derived similarly to hamster tumours were also propagated by transplant passage in newborn or adolescent rats. (Maisel et al. I973) . Recently, using fluorescent focus assay and mouse and rabbit (SIRC) cells, we found that the excess of Ki-MSV over mouse tropic (ecotropic) and/or xenotropic leukaemia virus activity was approx. 5o-fold. As for the presence of endogenous rat virus in our stocks, the amount of rat leukaemia virus (RaLV) major group-specific antigen in purified virus particles did not exceed 0"4 of the amount of MuLV group-specific antigen (R. V. Gilden & V. Klement, unpublished data) . Therefore, in spite of a large variety of viruses which can theoretically be present in no. 58967 Ki-MSV stocks, the actual data available on biologically active particles indicate that we are working with transforming particles of at least 9o ~ purity. The presence or absence of biologically inactive or defective particles in the Ki-MSV stocks, however, remains unknown.
The non-transforming virus, MEV, used in the present study was also grown in NRK cells. The term MEV is used here to indicate the original isolate of mouse erythroblastosis virus. The designation Ki-MuLV has been conventionally used for the non-focus-forming isolates (helper) of Ki-MSV stocks.
Cell cultures. All cell lines (Table I) were grown in Eagle's minimum essential medium supplemented with Io ~ foetal bovine serum, Ioo international units (iu)/ml penicillin, Ioo #g/ml streptomycin and 2-mM-glutamine.
Radioactive labelling ofviru~ RNA. RNA of Ki-MSV and MEV viruses were labelled with ~H by growing the virus-producing cells in minimum essential medium containing Io dialysed foetal bovine serum, Ioo #Ci/ml each of [5,6- 
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DNA extraction. DNA from various cells and tissues was extracted and alkali treated according to the published procedure (Baluda & Nayak, 197o) . After extensive dialysis against o.I × SSC (o.I 5 M-sodium chloride -o.oi5 M-sodium citrate), the DNA was sheared to about 8 S, as measured in sucrose density gradients. Shearing of the DNA solution (I mg DNA per ml of o.1 × SSC) was accomplished in a VirTis 45 homogenizer with 7o ~ maximum with speed for five 3-min intervals with I min rests between shearing cycles. DNA was precipitated with alcohol and dissolved in o'4 M-sodium phosphate, pH 7"2, to concentrations varying between 8 and IO mg/ml. All DNA preparations bad E~6o[E2so ratio between 1.8 and 2.o.
Liquid DNA-RNA hybridization in DNA excess. Hybridization conditions were essentially the same as described (Melli et al. I971 ; Neiman, I972; . Reaction mixtures consisted of 1 mg DNA fragments, and I5O or 3oo ct/min (I'5 or 3"o × Io -4/~g) of 7oS [SH]-RNA in o.1 to o'I5 ml of o'4 M-sodium phosphate, pH 7.2, and o'o5 ~o sodium dodecyl sulphate. The reaction mixtures were heated to Ioo °C for IO min in sealed glass vials, quickly cooled to 4 °C and then incubated at 67 °C for various time intervals to attain a Cot value of lO 4 (where Co is the concentration of DNA nucleotides in mol]l and t is the time in seconds). Virus RNA cellular DNA hybridization was assayed by the acquisition of resistance to pancreatic ribonuclease (DNase-free RNase, Worthington, heated at lOO °C for 5 min at I.O mg/ml in 2o raM-sodium acetate, pH 5"o, to inactivate any residual DNase activity). Vials were cooled to 4 °C, and the contents diluted with 1 ml of o.I2 M-sodium phosphate (pH 7"2). The sample was divided into two equal parts. To one portion was added RNase to a final concentration of 20/~g/ml and to the other an equal amount of 20 mM-sodium acetate. After incubation at 37 °C for 30 min, both portions were made lO in cold trichloroacetic acid and the acid-precipitable radioactivity was determined after washing and drying the trapped materials on nitrocellulose filters.
RESULTS
DNA was extracted from all cell lines listed in Table I . Hybridization between these DNA preparations and 7oS [aH]-RNA of Ki-MSV or MEV was carried out at Cot values of Io 4 at DNA to RNA ratios of about 3 × Io6 and 6 x lO ~ so that, if the average frequency of the virus DNA sequences was as low as one copy per cell genome, the concentration of complementary virus sequences in the reaction mixtures should have been at least 40-to 8o-fold greater than that of virus RNA (Neiman, I973) . Because of limitations in growing large amounts of cells for isolation of DNA for hybridization experiments under conditions of DNA excess, complete Cot curves could not be run for comparison. Therefore, we chose to run the experiments at a fixed but high Cot value 004) at two different DNA to RNA ratios. The results in Table 2 show that 7I to 75 ~ homology was detected between Ki-MSV RNA and DNA from TR-NRK-P cells and NRK-MEV cells and between MEV RNA and NRK-MEV cell DNA. These values could be considered to represent the maximum level of hybridization because of experimental restrictions in obtaining IOO ~ homology (Melli et al. I97I; Neiman, I972, I973) . A low but significant extent of homology (3I ~) was detected between MEV RNA and NRK cell DNA. This low level of hybridization with heterologous host DNA may be due to two main reasons. One is the presence ofinterspecies homologous sequences that are detected by virus RNA and cell DNA hybridization I973) (42 to 60 ~) was detected between MEV RNA and NRK or TR-NRK-NP cell DNA and between Ki-MSV RNA and NRK or TR-NRK-NP cell DNA. The complementary spectra with NRK and TR-NRK-NP DNA with respect to either Ki-MSV or MEV RNA are quite similar, TR-NRK-NP DNA exhibiting only a slight increase in complementary sequences. Since the hybridization values were quite similar at two different DNA to RNA ratios it can be assumed that the results obtained were independent of the number of copies of virusspecific sequences present in the various DNA preparations.
DISCUSSION
Our results summarized in Table 2 are consistent with those of Scolnick et al. (I973) and Scolnick & Parks (I974) . The data clearly indicate the presence of a difference between the genomic sequences of MEV and Ki-MSV, both grown in the NRK cells. The results may be best explained by the presence of sets of similar and dissimilar nucleotide sequences in MEV and Ki-MSV (Table 3 )-These sequences are arbitrarily designated as sets I, II and III for MEV and sets I, II and IV for Ki-MSV, where I represents sequences which include interspecies-specific and NRK cell-specific, that is rat-specific, sequences potentially' rescued' by virtue of growing these viruses in NRK cells, II and III represent MEV-specific sequences, and IV represents rat-specific sequences, possibly responsible for fibroblast transformation by Ki-MSV and qualitatively different from the sequences in set III of MEV. For calculations, (Erikson & Erikson, 1971) and to the limitations of the hybridization experiments. In general, the scheme suggests that the mouse erythroblastosis virus underwent a process of recombination (or reassortment) during its in vivo propagation in rat. The outcome was a loss of set III of its original mouse-specific nucleotide sequences with a concomitant gain of rat-specific sequences (IV) in a genetically stable recombinant form leading to the genesis of a sarcoma virus, Ki-MSV. The acquired sequences are not unique to NRK cell DNA, as hybridization between Ki-MSV RNA and DNA from rat embryos (Wistar Furth, Osborne-Mendel, Sprague-Dawley strains) under identical experimental conditions yielded 52 to 63 % homology similar to that obtained with NRK cell DNA ( Table 2) . As expected, a lower extent of homology (29 to 38 %) was detected between MEV RNA and DNA from the embryos. Thus, it can be assumed that the acquired sequences of Ki-MSV are ubiquitously distributed in rat species. Whether they represent a part of endogenous rat type C virus sequences or other sequences of rat genome cannot be distinguished. However, so far, none of the rat type C virus isolates, including those grown in NRK cells, has been found to possess fibroblast-transforming property. The lack of transforming ability in MEV and other rat type C viruses grown in NRK cells and the presence of this ability in Ki-MSV grown in NRK cells indicates that the possibility of enrichment of set I sequences in Ki-MSV in compensation for the loss of set III sequences is not very likely. In other words, it is suggested that the sequences of set I are probably different from the permanently acquired sequences of set IV. Thus it appears that the gene(s) of Ki-MSV responsible for fibroblast transformation originated in vivo from the rat genome. It would be of interest to determine whether the phenomenon of acquisition of transforming sequences could also occur in passages in vitro. However, so far our NRK line (no. 5859) productively infected with MEV and propagated a long time in vitro yields only non-focusforming virus.
The complete genome of Ki-MSV appears to be present in the DNA of the NRK cells transformed and productively infected with Ki-MSV. But the clone of NRK cells nonproductively transformed by Ki-MSV presents an interesting case. The Ki-MSV-specific information is incomplete in the DNA of these cells. The data suggested a similarity in the x4-2 degree of homology obtained with NRK and TR-NRK-NP cell DNA with respect to either a Ki-MSV or MEV RNA probe. Although direct evidence that these hybridizable sequences in the DNA are qualitatively similar does not exist, such a possibility has been considered for its correspondence with the data (Table 3) . It is possible that, as in NRK cells, sequences of type II may not be represented in the incomplete Ki-MSV provirus of TR-NRK-NP cells. Additional experiments, including an enumeration of the Ki-MSV-specific sequences in NRK and TR-NRK-NP cells, will be needed to support this postulation.
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